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Recently, an ontology is increasingly becoming an 
essential tool for solving problems in many research 
areas. The ontology is a complex information object. It is 
used in practice and can contain millions of concepts in 
complex relationship. When we want to manage complex 
information objects, we generally turn to information 
systems technology. There are many tens of millions of 
information systems in use around the world doing many 
things ranging from helping a business manage its billing 
to keeping track of the design and parts inventory of large 
aircraft. An information system intended to manage 
ontology is called an ontology server. The ontology 
server technology is at the time of writing quite immature. 
Therefore, in this paper, we necessarily try to remain 
somewhat speculative in nature by reviewing several 
ontology servers in mainstream literatures. As a result, 
we point out some important opportunities that would 
trigger several research questions related to the server 
technology.   
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1. Introduction  
 
An ontology is an explicit specification of a 
conceptualization [58]. It is a designed artifact that 
formally represents agreed semantics of a domain interest 
in computer resources [58][60]. This enables the sharing 
and reuse of information and allows for the interoperation 
of information systems [111]. Although not a new field, 
ontology research has recently received renewed interest 
and attracted many other fields such as the semantic web 
(e.g., [15] [64] [96]), databases (e.g., [132][130] [62]), 
electronic commerce (e.g., [10][29][63]), knowledge 
management (e.g., [4][70][113][32]), electronic learning 
(e.g., [116][3][124]), agent technology (e.g., 
[54][122][82]), information retrieval (e.g., [61][5] [6]), 
digital library (e.g., [21][129][115]), bioinformatics (e.g., 
[13][85][14]), geographical information systems (e.g., 
[53][112][52][23][123]), software engineering (e.g., 
[131][38]), intelligent systems (e.g., [11][8]) and natural 
language processing (e.g., [79][48]). Thus, we can 
classify the ontology applications as reported in Jasper et 
al. [76], Pisanelli et al. [110], Fensel [49], Mizoguchi [98] 
and the most comprehensive survey by Hart et al. [69]. 
 
2.  Ontology Applications  
 
Mizoguchi [98] defines five typical types of ontology 
application including: (a) ontology as a common 
vocabulary, (b) ontology as assisting of information 
access, (c) ontology as the medium for mutual 
understanding (d) ontology as specification and (e) 
ontology as foundation of knowledge systematization. 
However, we are interested in (c), which ontology plays 
an important role for mutual understanding. Mutual 
understanding is always necessary between (a) humans 
and humans (b) humans and software agents (c) software 
agents and software agents. In communication amongst 
humans, the ontology can be useful especially for 
knowledge-intensive engineering such as concurrent 
engineering, business process engineering, where 
interdisciplinary collaboration is required. Understanding 
between humans and software agents could be seen in the 
context of WWW information searching. The 
requirements specified by the users have to be properly 
understood by search engines through the shared 
ontology. The semantic web is the biggest application of 
this type. The same happens in the case of communication 
between software agents. In order to enable software 
agents to communicate with each other, they need a 
common protocol and vocabulary. An ontology plays a 
role in a common vocabulary in a more advanced way 
than that in (a) because ontology agents manage such 
vocabularies in a formal way to process queries about 
ontologies by other agents.  
 
3. Ontologies and Semantic Web  
 
Ontologies are the most important part of the Semantic 
Web. The semantic web is an extension of the current 
web in which information is given well-defined meaning, 
better enabling computers and people to work in 
cooperation [15]. In the semantic web, ontologies can be 
used to encode meaning into a web page, so that 
intelligent agents can understand what the web page is 
about, and therefore provide humans with more useful 
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cooperative services [16]. However, most of the main 
problem with ontologies is how to manage them. Due to 
this problem, there are related research trends in the field 
of ontologies which include (a) creating large-scale 
ontologies (e.g., [91]), (b) defining expressive languages 
for representing ontological knowledge (e.g., [93][84] 
[50][17][86][22]) and (c) implementing systems that 
support ontology-based applications (e.g., [55][126][27] 
[33][92][39][105][20][114][71][125][78]). However, the 
authors give more emphasis to (c), which relates to the 
development of systems, specifically the ontology server 
that focuses on ontology supporting information systems 
interoperation. In addition, we should be aware of several 
ontology management issues such as ontology 
representation, reusability, usability, storage, versioning 
and security as discussed in (e.g., [43] [103] [78]) and 
take them challenging tasks are tailored to our research 
context (i.e. ontology usability). Therefore, in the scope 
of ontology server development and supporting runtime 
interoperation, we will concentrate on some aspects 
relating to how ontology should be represented in the 
server, how the server will manage those ontologies (i.e. 
server functions) and how we should design its repository 
(i.e. ontology repository). Hence, to address these aspects, 
we will investigate more on theoretical and practical 
issues in designing ontology server context.     
 
4. Model Driven Architecture (MDA) to 
Ontologies  
 
Ontologies and MDA are two technologies being 
developed in parallel, but by different communities [65]. 
They have common points and issues and can be brought 
closer together [28][65][40]. Therefore, to bring software 
engineering practitioners and ontologies closer, many 
researchers suggest the use of Unified Modeling 
Languages (UML) in ontology development (e.g., 
[31][18][87][51] [66][28][40][7]). The main question they 
want to answer is how to use UML as well-accepted 
modeling languages for developing and using ontologies 
in real world applications. Although the ontology 
concepts are coincidently similar to object-oriented 
paradigms, it has some limitations mainly regarding the 
concept of property (e.g., see [19]). Because of these 
discrepancies, initially, we could only use UML in the 
beginning of ontology development. However, there is a 
significant movement in this research to overcome these 
limitations using UML extensions (i.e. UML profiles) as 
implemented in [28][40]. As a result, the Object 
Management Group (OMG) has established Ontology 
Definition Metamodel (ODM) as a MDA standard 
metamodel for modeling ontology [28]. The ODM 
defines concrete abstract syntaxes (i.e. 
OWLDataTypeProperty, OWLClass) for modeling 
ontology that can be represented by using UML profiles 
[28]. The ODM is centrally based on UML and the W3C 
Web Ontology Language (OWL) recommendation [17]. 
In terms of ontology modeling, on one hand, the UML 
provides powerful graphical modeling capabilities and 
widely supported tools (i.e. Rational Rose, Poseidon, 
Magic Draw, ArgoUML, etc). In addition, since the UML 
and ODM are MOF-compliant languages, it is possible to 
store ontologies in MOF-based repositories, to store 
ontologies diagrams in a standard way (UML2 XMI), as 
well as to share and interchange ontologies using XMI 
[28][40]. However, on the other hand, we note that not all 
OWL features could be represented by UML. We will use 
ODM and UML profiles defined in [28] for representing 
ontologies and designing the server. In addition, UML is 
currently a de facto standard modeling language. There is 
a growing interest in its adoption as a language for 
conceptual modeling and ontological representation (e.g., 
[31][18][87][51][90][66] [28][83][40][7][67][136][68]). 
Also, the UML is widely accepted as a universal 
modeling language for modeling any kind of information 
systems [24] such as efforts by 
[97][26][88][59][72][34][37][75][117][101][9][95][94].                  
 
5. A Comparison of Ontology Servers  
 
The ontology server is used at design, commit and 
runtime. At design time, the ontologist uses the server for 
developing ontologies. At commit-time, players (i.e. 
applications) will commit to part of the entire ontology 
for joining the exchanges of messages. At runtime, 
players exchange messages mediated by shared 
ontologies. Zachman [135] has proposed an information 
system architecture framework. This framework is well-
accepted and has achieved international recognition (e.g., 
[46][73][81][45][47][107][133][80]) for describing an 
information system. There are three main concepts 
(knowledge, process and communication) and related 
enabling technologies described by Zachman [135]. Since 
the ontology server is a kind of information system, thus, 
it can be described in terms of this framework. We do not 
tend to discuss the framework (see details in [135]). With 
respect to Zachman’s framework, we will concentrate on 
process and knowledge aspects of the ontology server. 
These are two main server components: (a) Server’s 
functionality (b) Server’s repository. Furthermore, we 
will look into the use of the server at commit-time. This 
work is centrally devoted to how the server can be used to 
assist players for joining the exchanges.  
 
5.1 Ontology Server Functions  
 
Unfortunately, much literature (e.g., [105][106][118] 
[125][114]) does not directly use term ontology server in 
their works though some of facilities discussed basically 
relate to ontology server. Most of literature discusses 
mainly the server’s functions but they describe them in 
terms of a special purpose tool for managing ontologies 
(e.g., [119][55][102][106][118][89][44][100]). Some of 
those tools perform single or a few server functions as 
shown in [100] and [44] for storing and browsing 
ontology. Some others tools provide a sophisticated suite 
of application tools like editing, browsing, publishing, 
storing and reasoning ontologies such as Farquhar et al. 
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[55]. Besides developing a respective tool, the server’s 
functions could be implemented by Application 
Programming Interface (API) such as Oberle et al. [108]. 
Furthermore, the server’s functions can also be 
implemented by both developing a significant tool and 
API like Starlab [127]. Moreover, there are also several 
literatures that discuss ontology management frameworks 
but very few address the server’s role in their framework 
(e.g., [121][74][33]). These literatures have only 
discussed the use of the server but have not explained in 
details how the server is developed to meet their goals. 
We assume that they are not really concerned about the 
server developments but emphasize the framework or 
architecture of the ontology management environment. In 
addition, these literatures relate to specific large research 
projects which eventually focus on building sophisticated 
tools for developing and maintaining ontologies. 
However, several literatures of these projects really 
address the issues of the ontology server development 
such as Ontolingua [55], KAON [108] and Starlab [127]. 
In term of server functions, to avoid confusion, we should 
be aware of many terms appearing in the literatures 
regarding server functions such as server functionality 
and functions [127], ontology service [57], server process 
[27], server services [55] server operation and ontology 
operation [39] and server facilities [109].  
 
5.2 Ontology Server Repository  
 
Besides the matter of server’s functions, there are 
literatures discussing more on the server’s repository 
aspects such as (e.g., [109][71]). For example, Harrison et 
al. [71] have proposed a generic representation of 
ontology repository. Similar to Pan et al. [109], they have 
introduced a so-called lightweight ontology repository for 
enabling shareable and maintainable ontologies. 
Repository is a prototype implementation of a design to 
allow ontology designers and agents to use open Web 
standards to publish and retrieve ontologies and metadata 
about them. Key features of the system include the use of 
the HTTP protocol following the REST (Representational 
State Transfer) architectural style, the representation of 
the recorded information about ontologies and the 
repository information schema using RDF and its schema 
language RDFS, and the use of URNs to identify 
ontologies. The use of Web standards for communication 
between agents and Web-based resources such as 
ontology repositories provides a more lightweight and 
open architecture for agent interaction with these 
resources. Harrison et al. [71] discuss two methods of 
storing the ontologies. The first method involves storing 
individual ontology in a separate flat file. The file 
provides a more straightforward view where its contents 
can be inspected. However, the main problem with this 
method is that a search engine would need to be 
developed to search the contents of the ontology files 
[71]. The second method uses a database to store the 
ontologies. Databases have indexing and securing 
capabilities that enable faster searching. Therefore, to 
ensure scability and maintainable large ontologies, the 
database method rather than a flat file we think would 
preferable for storing the ontologies. However, how the 
ontologies are stored depend on how ontology 
representation should appear in the server and what types 
of database are considered (i.e. relational, object-
relational). For example, Harrison et al. [71], Mauger 
[100], Starlab [127] use relational database to store 
ontologies. Harrison et al [71] use MySQL [104] because 
it has (a) excellent performance and (b) it can 
accommodate object-oriented relational data.       
 
5.3 Ontology Server Implementation  
 
Section 5.1 outlines related works on ontology server 
functions in the literatures, while section 5.2 overviews 
examples of the server repository discussed in the 
literatures. However, we are interested in a server that 
used in the worldwide web, particularly supporting 
semantic web vision. We would say that the 
implementation of the server depends on the purpose of 
the server development. For example, several servers 
developed are for supporting B2B and electronic 
commerce (e.g., [27][33][108][39][127]), knowledge-
based systems (e.g., [128][25]), enterprise systems (e.g., 
[137]), in open environment like world wide web and 
agent-based systems (e.g., [55][57][56][44][92][109]), 
semantic web (e.g., [33][56][108] [125][114][71][127]). 
However, in this paper, we will look into several ontology 
servers that (a) are mostly cited in literatures (b) they are 
explicitly called ontology server and address the 
development issues (c) we assume that several of them 
are still progressing and (d) we are interested in servers 
used in open environment like web and semantic web. 
Thus, those are Ontolingua Server [55], ACOS [92], 
Starlab [127], KAON [108], OntoRama [44], OWS [39], 
FIPA Ontology Server [57] and Adapted Ontology Server 
[27].   
 
5.3.1 Several Ontology Servers: Ontolingua, 
ACOS, Starlab, KAON  
 
The first is an Ontolingua server [55], a kind of a 
knowledge repository management system that has been 
running since 1995. It is a tool that supports distributed, 
collaborative editing, browsing and creation of ontolingua 
ontologies [1][27][49][33][92][103]. The ontolingua 
ontology uses the representation languages, both 
Ontolingua Frame Ontology and KIF, which are wide 
spectrum languages capable of representing fine features 
of concepts. The Ontolingua server supports ontology 
inclusion and circular dependencies [55]. Its consistency-
check capability, however, is restricted to the functions 
similar to database schema checking [55][92]. For 
instance, “all slots, slot values, facets and facets values 
are checked to make sure that they conform to the 
constraints that they apply (i.e. domain, range, slot value 
type, and cardinality constraints)” [92]. Meaning, the 
consistency checking is done in domain experts’ heads. It 
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is a large project focusing on ontology development [55]. 
It has built sophisticated tools for developing and 
maintaining frame-based ontologies. It focuses on formal 
ontology specifications, and reuse and translation to 
different ontology implementation systems [55]. 
However, it does not address problems related to legacy 
systems and tools to merge ontologies [33]. The users 
interact with the single server through a web browser to 
create, edit and browse ontologies. Users have to tolerate 
the network delays and server response delays [134]. The 
ontolingua server uses ontolingua-based repository for 
storing ontologies and developing a set of tools for 
demonstrating server functions.   
 
The second server is ACOS [92]. Li et al. [92] claim it to 
be a community-oriented ontology server. It provides the 
way for the so-called “community” to construct 
ontologies. The concept of “community” in ontology 
management enables everyone to have the opportunities 
of influencing ontology construction. This depends on the 
users’ importance score, and such score is computed 
mechanically based on how active these users are in 
contributing to the knowledge base. They came up this 
kind of vision because in an open environment, ontology 
is the asset of all participants; every user can join, 
contribute and leave such community. The opposite of 
this approach is called “central”. The central-controlled 
mechanism would not appear to be neutral for this 
situation [92]. However, most of the ontology server 
implementations in the literatures apply the “central” 
approach to ontology development (e.g., [55] 
[27][56][44][127]). The “central” means a centralized 
ontology server, only group of fixed users have the rights 
to modify ontologies, which is similar to the situation in 
database management [92]. Similar to Ontolingua server, 
the ACOS [92] has also provided consistency checking 
but not limited to humans. It also can be shared by a wide 
range of software agent communities and it facilitates on-
line ontology construction, consistency-check and use 
[92]. Li et al. [92] claim that ACOS is designed to be an 
online community in which a diverse group of software 
agent can contribute and use ontologies at runtime. A key 
enabler in this scenario is a high degree of “shareness” of 
the ontologies maintained by the server. This relates to 
designing an appropriate knowledge representation, 
which is the first step towards building an ontology 
server. In this context, Li et al. [92] believes that to 
achieve “shareness”, it is required that local features of 
ontology are removed. Examples of constructors that can 
bring in local features include property in DAML-OIL 
[35] or slot in Ontolingua [55]. Other examples of 
constructors that bring in local effect are part-of in 
Framework [55] and disjoint-with in Descriptions Logic 
[12]. In other words, Li et al. [92] accept the shared 
ontologies should have minimal expressivities (a coarse 
ontology) which consist of a minimal set of axioms 
written in a language of minimal expressivities. Thus, to 
achieve a high degree of shareness, Li et al. [92] believe 
that constructors Class, subClassOf, SameClassAs, 
SuperClassOf and InstanceOf offer more stability in the 
process evolution and minimal expressivities. Compared 
to Ontolingua server, the ACOS use DAML-OIL as 
ontology representation languages [92]. The ACOS server 
uses file-based repository for storing DAML-OIL 
ontologies and developing a set of APIs for implementing 
server functions. To facilitate collaborative, online 
ontology development, this server implemented import 
mechanism that is similar to the inclusion model in 
Ontolingua server and extension relationship in FIPA 
ontology server [57]           
 
Third is a Starlab’s ontology server [127]. This server is 
also still under investigation and progressing several 
deliverables. This research initially comes from works 
done by Jarrar [78] in Dogma’s framework [77][120][78] 
[127]. At the time of writing, we would say that this is a 
new ontology server research project. The mission of its 
ontology server is to assist the gathering and incremental 
growth of ontologies [138]. In terms of ontology 
representation, this server is inline with the rationale of 
ACOS server previously discussed. The proposed 
ontology model consists of five basic elements: context, 
terms, concepts, roles and lexicon. Starlab [127] claims 
that constraints and derivation rules are intentionally left 
outside the ontology. At this moment, they are still 
experimenting with the ontology model and an early 
version of ontology server has been implemented. In the 
first prototype, consistency-check and user control are not 
included [127]. This server uses MSQL server to store the 
ontology and an ontology objects are expressed in XML. 
Its server functions are implemented based on developed 
tools and basic APIs (e.g., [127][92]). In addition, the 
server’s ontology representation also benefits from 
graphical notation based on Object Role Modeling 
(ORM) languages. Fourth, is KAON server [108]. 
Similarly to Ontolingua server [55] and Starlab [127], the 
KAON server is also a result of sophisticated tools 
delivered by a large research project. This server provides 
its functions through a set of APIs and store RDF-based 
ontology using relational database [108][103]. In terms of 
ontology representation, it is similar to Ontolingua server 
[55] the complexity of ontology (i.e. property) is not left 
outside the ontology, which contrast with Starlab [127] 
and ACOS [92].  
 
5.3.2 Several Ontology Servers: Others 
 
Fifth is the OntoRama server [44]. The main functions of 
OntoRama include search, compare and modify WebKB 
ontologies. It does not support consistency-check or 
cross-ontology queries; as a result, its capability of 
supporting online collaborative ontology construction is 
restricted [92]. In our opinion, this server closely 
demonstrates functions of storing and browsing the RDF-
based ontologies while supporting ontology development 
is not its main purpose. Sixth is the OWS server proposed 
by Dameron et al. [39]. This server does not generally 
deal with ontology development. It is used for all other 
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tasks, when the ontologies already exist. The 
implementation of this server is bit tricky. In fact, the 
server described in [39] does not serve as ontology 
repository (i.e. the server itself does not store the 
ontologies). The server provides services, taking 
ontologies as inputs. Hence, they claim that ontology 
evolution is not a problem here, because only simply give 
the server a new ontology as inputs. In our opinion, we 
would say that this server supports runtime interoperation. 
Its server functions are implemented using web services 
and assume that ontologies naturally reside in any 
player’s sites. In other words, the ontologies are stored 
based on file-based, which hold by different players’ 
sites. However, we think the underlying assumption in the 
Dameron et al. [39] that ontologies can be pieced together 
dynamically is not workable. Fortunately, most of the 
content of the paper does not depend on dynamic piecing 
together ontologies. Seventieth is the FIPA ontology 
server. The FIPA (Foundation for Physical Agents) is a 
standard body, which has developed interaction standards 
for agents in open environment. In the FIPA’s ontology 
server specification, its server’s ontological representation 
is divided into a fine-grained ontology or called 
heavyweight ontology in [110] and a coarse ontology that 
consists of minimal set of axioms written in a language of 
minimal expressivity so called lightweight ontology in 
[110]. However, the FIPA’s server supports these two 
kinds of ontology representation but in different scope of 
use and level of details [57].      
 
Finally is the server proposed in [27]. This server is 
developed specifically for ontology developed for 
electronic commerce applications. In terms of ontology 
representation, Chung et al. [27] define three main criteria 
for ontology: (a) ontology can be translated and (b) 
ontology should be practical. Its server functions include 
gathering information from web, creating a relation, 
modifying and rebuilding the standard ontology and 
servicing the standard ontology. This server uses MySQL 
database to store ontologies and using Java APIs for 
implementing server functions. We assume that this 
server allow complex ontological representation. This 
because the standard ontology is built from the local 
terms used in sites, and then it provide editor tool for 
making relation between ontologies [27]. In addition, they 
claim that a standard ontology is necessary have the 
objective and concrete property [27]. In general, this 
server developed for supporting ontology development 
but limited to the electronic commerce and deal with the 
current web. In order to have a clearer understanding and 
better view of the ontology server implementation, we 
summarize several servers as discussed in section 5.3.1 
and 5.3.2 in the Table 1 (see appendix).  
 
6. Conclusions and Future Works 
 
The servers related works have previously been 
developed for different purposes such as enterprise 
systems (e.g., [137]), knowledge-based systems (e.g., 
[128][25]), in open environment like world wide web and 
agent-based systems (e.g., [55][57][56][44][92][109]), 
semantic web (e.g., [33][56][108][125][114][71][127]) 
and electronic commerce and B2B (e.g., 
[27][33][108][39][127]). However, we are only interested 
in the use of server for supporting semantic web vision. In 
the semantic web movement, the ontology server is 
increasingly becoming important for supporting many 
purposes of semantic web applications. Thus, it is 
believed to be a key component of the semantic web [2]. 
The server is used at design, commit and runtime. 
However, we note that the server development is closely 
determined by the ontology requirements and purposes. 
For example, the ontologies supporting runtime 
interoperation is slightly different from ontology for 
supporting engineering applications [28][69]. Thus, the 
server to be developed should tailor to what ontology is 
made for. In [69] provides the most comprehensive 
survey of ontology usage and requirements for 
determining the scope of ontology server development. In 
conclusion, we highlight several important points of 
ontology server development: 
 
(a) A standard methodological approach for designing 
ontology servers is still missing. 
(b) Most of the ontology server usage is mainly 
focused on design time issues, or, most of the 
servers are used for supporting ontology 
development. 
(c) Only few ontology servers benefited from the 
graphical ontological representations. 
(d) Since the server mostly used to support ontology 
development, mainly, the reusability aspect 
considered important in many literatures.       
(e) There is almost no explicit discussion of servers 
for supporting information systems interoperation 
in the mainstream literature.    
(f) The server functions to support many aspects of 
Semantic web are still missing. 
(g) Still the main issues in ontological representation 
of the server, which related to the ontological 
repository of the server.   
 
Our future works is to define several strategies of useful 
methodological approach for designing ontology server in 
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